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Abstract 
Underwater networks are becoming increasingly popular due to its increased applicability in 
the modern communication era. Underwater Remotely Operated Vehicles (ROVs) are highly 
manoeuvrable underwater robot that can find its application in military, commercial and 
scientific research. Many researchers have developed ROVs for underwater scenarios. Most 
of them are being application specific. This paper provides a qualitative analysis of the 
physical design, networking and movement control of ROV. 
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INTRODUCTION 
Ocean exploration and exploitation has 
been a domain of high interest and 
research. With the advent of technology, 
we are now able to explore the parts of the 
ocean that a diver cannot safely reach, 
using unmanned vehicles such as ROVs or 
Autonomous underwater vehicles (AUVs). 
Underwater ROVs are a safe and widely 
used type of underwater vehicle, they are 
highly manoeuvrable and can help us 
explore the depths of the ocean without 
actually being in it. The ROV is controlled 
either from a vessel to which the ROV is 
tethered or by a crew in proximate land. 
The various subsystems of an ROV design 
like the weight, size, depth of operation 
and microcontroller used are discussed. 
 
Underwater ROVs are a field of inordinate 
scope and hence are a field of high 
research. The main challenge in building 
an optimum ROV is to find a perfect 
balance between the sizes of the ROV, the 
cost required for its manufacture and its 
operational depth, which may vary 
according to application. The main 
parameters to take into considerations are 
weight, dimension and physical design. In 
this paper, an attempt has been made in 
understanding and analysing various 
designs of ROVs proposed in the 
literature. 
 
The rest of the paper contains following 
information: Section II highlights research 
and successfully built prototype ROVs. 
Section III presents a comparison amongst 
the different prototypes. Finally, Section 
IV gives the concluding remarks.  
 
RELATED WORKS 
In Study done by Alok Sahu et. al., the 
authors present the complete design of an 
IRIS-SP which is a prototype ROV [1]. 
The physical structure, the electronic 
components required and the necessary 
codes are discussed in this paper. The 
ROV has been optimized for size, weight 
and cost. IRIS-SP mainly focuses on 
developing an entry level surveillance and 
data collection vehicle which can be used 
as a reference for further research. The 
ROV was validated for its correct 
functioning in forward, reverse, depth 
control and turn around cases [1].  
 
An omnidirectional ROV was proposed by 
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study done by Hasan H et. al. [2]. In this 
paper, authors have attempted to develop 
an ROV for omnidirectional movement. 
This ROV can find its application in 
survey and observational activities which 
do not require manoeuvrability in 
sideways, back or front direction. Special 
concentration is given to maintaining the 
stability of the bot, by maintaining both 
centre of gravity and centre of buoyancy 
force. The bot uses ducted propellers, 
brushless motors and pumps for its 
movement. 
 
Study done by Marzbanrad A et. al. 
presents a remotely operated underwater 
vehicle [3]. This paper shows the design, 
actual model and method to control a mini 
ROV which successfully submerges into 5 
meter depth in water without any leakage 
in the main frame. The ROV has basic 
motion control such as desired angle 
heading, rotating 90 degree and diving. 
This ROV has 6 motors, two vertical and 4 
horizontal it is also equipped with 
gyroscope, accelerometer, compass, 
pressure sensors for performing under 
water operations successfully. Gain of the 
PID controller is obtained by trial and 
error method.  
 
In study done by Guangyi Z et. al., authors 
have proposed an underwater safety 
inspection and operational robot motion 
control [4]. In this paper, authors discuss 
the motion control of ROV. The control 
system has four parts- the surface console, 
power cabinet, umbilical, ROV body. The 
power cabinet supplies power to the water 
surface console and the ROV body. ROV 
body consists of 9 parts- floating body, 
open frame, thrusters, PTZ camera, 
manipulator, underwater lights, wheel set 
module, electronic pressure tank and 
hydrofoil balancing tank. This ROV can 
go up to a depth of 300m. The motion of 
the ROV is controlled by joystick and the 
control buttons. For the motion control of 
the ROV, two algorithms are used- 
Generalized Predictive Control (GPC) and 
Incremental PID. When only PID method 
is used, there is an overshoot which 
becomes stable after several oscillations. 
When GPC method is used, the tracking 
effect is good. It has ability to adapt but 
initially one can see the output oscillating 
violently and this is not good for the initial 
control and easily leads to the divergence 
of the control system. Later the GPC 
algorithm was improved. The incremental 
PID was adopted to control initial stage 
and GPC controller is used in later stage. 
This ROV was tested in swimming pool 
and Qiandao Lake. 
 
A ducted-type underwater robot rudder 
was developed in study done by Guangyi 
et. al.[5]. In this paper, an underwater 
robot was developed which is small, has 
high manoeuvrability and stability with 
low cost. Here the shape of the body is 
made using CFD analysis so that it can 
minimize the fluid resistance. The 
relationship between the left and right 
rudders except the top and bottom is 
examined. The upper rudder was fixed at 
intervals of 0 to 45 degrees at 7.5 degree 
and the angle of the lower rudder was 
changed from 0 to 45 degree. The 
experiment shows that the rudder force 
affects the rudder angle when the rudder 
have the outward angle of the fuselage 
even if only the internal flow velocity 
exists. 
 
Study done by Ahmed YM et. al. presents 
a novel BABY ROV. In this research work 
a low cost ROV was constructed by low 
cost material [6]. The ROV was named 
BABY ROV. The material used in 
building this ROV was mostly commercial 
grade polyvinyl chloride (PVC) pipes. The 
ROV is able to perform six degrees of 
freedom motions during underwater 
operations. ROV is controlled by joystick 
controller through network cable and it is 
equipped with a network camera. From the 
underwater trial test, BABY ROV was 
able to perform all manoeuvring tests like 
moving forward, reverse, floating and 
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submerge. The design was able to perform 
different underwater tasks up to 20m. 
A Smart Inspection ROV was proposed in 
study done by Capocci R et. al. [7]. This 
paper presents the design concepts of 
developing a smart, inspection remotely 
operated vehicle (ROV). Current ROV 
technologies are suited to deep sea-oil and 
gas operations and they can often display 
limitations In terms of operability in strong 
wave and tidal regimes. Smart automated 
control algorithms coupled with low drag 
and high thrust to weight ratio can offer a 
significant improvement over current ROV 
technologies. This will lay a design path 
and platform from which a similar 
inspection and intervention ROV can be 
completed. 
 
A Deep water ROV was discussed in study 
done by Salgado-Jimenez T et. al. [8]. This 
paper describes both the design and 
technical integration of a deep water ROV 
that is able to employ visual inspection in 
deep water as well as to take samples with 
an underwater arm.  
 
Designing of an ROV based on Arduino 
Mega 2560 microcontroller with all the 
directional control achieved using a 
joystick is presented in study done by 
Ghilezan A et. al. [9]. UDP (User 
Datagram Protocol) was used for 
transmission of ROV’s location and other 
control parameters. ROV uses an ESP 
8266 Wi-Fi module for connecting to the 
remote server. It used an IMU sensor for 
proper orientation in space of the ROV. 
Study done by Choi H et. al. Presents a 
design and control of convertible 
ROV[10]. This paper deals with design 
and development of an ROV which can be 
later converted to an AUV (Autonomous 
Underwater Vehicle) as and when 
required. This ROV can operate at a 
maximum depth of 200m and makes use of 
a microprocessor TMS320c28335 and 
RS435 as communication link. 
 
In study done by Howse J et. al., authors 
present the ROV Pontus [11]. The paper 
talks about designing of an ROV for 
MATE international ROV competition. It 
was controlled using a joystick, had an 
operational depth of 300m and used a 
stereo vision system consisting of two 
RHPC high resolution colour board 
camera as a primary camera source. The 
control program was run on Notebook PC. 
 
COMPARATIVE ANALYSIS 
In this section, we present a qualitative 
analysis of the works presented in Section 
II. The ROVs proposed in the literature 
have been compared based on the 
following parameters: 
 Physical Dimension of the ROV 
 Weight  
 Microcontroller used for processing 
 Depth to which the ROV operates 
 Application for which the ROV was 
designed 
 
Table 1 presents the comparison of the 
ROVs in terms of the metrics defined.
 
 Table 1: Qualitative analysis of the ROVs proposed in the literature. 
Paper Dimension  Weight 
in kg 
Microcontroller Depth 
in M 
Application 
[1] NA 5kg Arduino Mega 
2560 
50 Lake /swimming pool 
observation 
[2] 58.6 cm  42.21 cm  32.60 cm NA Arduino 100 General purpose 
[3] 700 mm  550 mm  500 mm NA STM32F4 5 General purpose 
[4] 600 mm  500 mm  400 mm 50 NA 300 Sea exploration 
[6] 35 cm  35 cm  25 cm 8.5kg NA 20 Lake /swimming pool 
observation 
[7] NA NA Arduino mega 
2560 
300 Sea exploration 
[8] 1.4 m x 1.2 m x 0.9 m 350kg  2000 Deep sea Oil Reserve 
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Exploration 
[9] NA NA Arduino Mega 
2560 
50 General Purpose 
[10] 800 mm  900 mm  1000 mm 120 TMS320C28335 200 Sea Exploration 
[11] NA NA Notebook PC 300 Sea Exploration 
 
The following inferences can be made 
from the table: 
 Some ROVs discussed above like 
BABY ROV, IRIS-SP were small, 
lightweight and cheap but had very 
low operational depth ranging between 
20 to 30 meters. 
 On the other hand some ROVs had 
great operational depth like the 
Omnidirectional ROV, ROV for 
Mexican oil industry and ROV Pontus 
but these are heavy and expensive.  
 Research works like- Convertible 
ROV, Research on safety inspection 
and operational robot motion control 
struck a decent balance between size 
and operational depth. 
 
CONCLUSION 
As the advancements in research in the 
area of underwater communication gain 
increased demand, ROVs have become 
popular. Despite many designs developed 
in the recent past, challenges still exist. 
Nevertheless, a lot of researches have been 
carried out till date with each suggestion 
suited to resolve some particular problem. 
This paper presents a set of such ROVs. 
These ROVs were compared in terms of a 
few performance metrics. However there 
was no clear winner and each design was 
specific to an application and given 
requirements. We henceforth can conclude 
that there is no panacea design and it 
varies largely depending upon the budget 
and other requirements. 
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